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1
COMPUTER APPARATUS

CROSS-REFERENCE TO RELAT.
APPLICATION

T
.

This application 1s based upon and claims the benefit of

priority of the prior Japanese Patent Application No. 2008-
258974, filed on Oct. 3, 2008, the entire contents of which are
incorporated herein by reference.

FIELD

The embodiment discussed herein 1s directed to a computer
apparatus, and a method of diagnosing memories.

BACKGROUND

Computer apparatuses use many kinds of diagnostic tests
that diagnose defective portions of each built-in device. As an
example of the computer apparatus, a diagnostic tool 1s dis-
closed that runs a memory diagnostic test to diagnose if a
memory function 1n a built-in memory properly works, e.g., 1T
predetermined data can be normally read from and written
into the memory. See, for example, Japanese Laid-open
Patent Publication No. H6-4413.

In the simplest diagnostic test, a memory diagnostic pro-
gram 1s stored beforehand in one portion of a basic mput/
output system (BIOS) of the computer apparatus. When the
computer apparatus starts up, the memory diagnostic pro-
gram operates together with the BIOS.

However, the BIOS usually has a very limited storage
capacity, in which another program such as an initial program
loader (IPL) 1s stored. Therefore, the BIOS can contain only
a simple memory diagnostic program. Thus, in conventional
computer apparatuses, a memory diagnostic program for per-
forming complicated memory checking 1s generally loaded
into a main memory such as a random access memory (RAM)
by an operating system (OS) and 1s executed, after the BIOS
has operated and the OS has started up.

Incidentally, conventional computers properly function,
only 1f no fault 1s found 1n all addresses 1n the main memory.
However, currently, even when some faulty areas are discov-
ered 1n the main memory by checking the main memory
beforechand, a new type of computer apparatus 1s expected
that can run properly by not using the faulty areas.

To properly run the computer apparatus in spite of the
presence of faulty areas in the main memory, the faulty areas
need to be detected before the OS starts up.

However, the memory diagnostic program stored in the
BIOS cannot perform a memory diagnosis that allows the OS
to properly function.

The following technique can be considered 1n this situa-
tion. The complicated memory diagnostic program, which
was conventionally processed by the OS, 1s stored 1 a
memory such as a read-only memory (ROM) other than the
BIOS. At the same time, a loading program, which loads the
complicated memory diagnostic program 1n predetermined
addresses of the main memory, 1s stored 1n the BIOS. This
enables the complicated memory diagnostic program to be
started up when the computer apparatus boots up.

However, this structure leads to the situation where the
memory diagnostic program 1s loaded 1nto the main memory
prior to the memory diagnosis. That 1s, the memory diagnos-
tic program 1s loaded into the main memory, while it 1s
unknown whether or not the areas of the main memory, 1nto
which the memory diagnostic program 1s loaded, are faulty.
Therefore, there 1s a possibility that the memory diagnostic
program 1tself cannot be executed.
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2
SUMMARY

According to an aspect of the invention, a computer appa-
ratus having a main memory includes a first memory diagno-
s1s unit for determining a faulty area 1n the main memory by
executing a first memory diagnostic program; a storage unit

for storing a relocatable second memory diagnostic program;
and a second memory diagnosis unit for loading the second

memory diagnostic program into areas ol the main memory
other than the faulty area determined by the first memory
diagnosis unit.

The object and advantages of the invention will be realized
and attained by means of the elements and combinations
particularly pointed out 1n the claims.

It 1s to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are not restrictive of the invention,
as claimed.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a block diagram 1illustrating a structure of a
computer device in accordance with an embodiment of the
imnvention;

FIG. 2 illustrates the details of a dynamic random access
memory (DRAM) of FIG. 1;

FIG. 3 1s a functional block diagram illustrating the details
of a BIOS program of FIG. 1;

FIG. 4A 1s a memory-quality evaluation table after a
memory diagnostic program 32a has been executed;

FIG. 4B illustrates an allocated area on the DRAM when a
memory diagnostic program 325b 1s loaded therein;

FIG. 4C 1s a memory-quality evaluation table after a
memory diagnostic program 325 has been executed;

FIG. 4D 1llustrates an allocated area on the DRAM when a
memory diagnostic program 32c¢ 1s loaded therein;

FIG. 4E 1s a memory-quality evaluation table after a
memory diagnostic program 32c¢ has been executed;

FIG. 4F 1illustrates the result derived by diagnosing the
DRAM; and

FIG. 5 1s aflowchart illustrating the procedure of amemory
diagnosis process by the computer device 1n accordance with
the embodiment of the mvention.

DESCRIPTION OF EMBODIMENT

Preferred embodiments of the present mvention will be
explained with reference to the accompanying drawings.

The features of a computer apparatus 1n accordance with
the embodiment are described below. The computer appara-
tus 1ncludes a main memory, a first memory diagnostic unit
that identifies a faulty or defective area of the main memory
by executing a first memory diagnostic program, a storage
unit that stores a second memory diagnostic program, which
1s relocatable, and a second memory diagnostic unit that loads
and executes the second memory diagnostic program stored
in the storage unit 1nto the area (called the “non-faulty”™ or
“non-defective” area) except the defective areas 1dentified by
the first memory diagnosis unit, of the main memory

That 1s, the computer apparatus in accordance with the
embodiment diagnoses the main memory such as a dynamic
random access memory (DRAM) therein, by executing a
plurality of memory diagnostic programs.

Specifically, the storage unit, such as a read only memory
(ROM) 1n the computer apparatus, stores beforehand a plu-
rality of different memory diagnostic programs. The first
memory diagnostic unit diagnoses the main memory, by run-
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ning the first memory diagnostic program of the plurality of
the memory diagnostic programs.

The plurality of the memory diagnostic programs each
diagnoses different memory functions and includes a differ-
ent program size according to the diagnostic level of the
memory function. That 1s, the memory diagnostic program
has a larger program size for diagnosis of more advanced
memory functions. The first memory diagnostic program
belongs to the lowest diagnostic level in the memory function
and has the smallest program size.

The first memory diagnostic unit 1n accordance with the
embodiment executes the first memory diagnostic program,
without loading the first memory diagnostic program into the
main memory. Thus, a simple diagnosis of the memory func-
tion 1s performed first by the first memory diagnostic unit
without using the main memory. Then, a more advanced
diagnosis of the memory function 1s performed by the second
memory diagnostic unit. Therefore, at a stage where 1t 1s not
clear whether or not there 1s a defective area in the main
memory, a memory diagnostic program does not have to be
loaded 1nto the main memory. This avoids a situation where
the memory diagnostic programs become unexecutable.

If the first memory diagnostic program 1s loaded into the
main memory to occupy relatively small areas thereon, 1t may
be that the first memory diagnostic unit loads the first memory
diagnostic program into the main memory.

The second memory diagnosis unit loads the second
memory diagnostic program stored in the storage unit such as
a ROM 1nto areas other than the defective areas 1n the main
memory 1dentified by the first memory diagnosis unit, and
executes the second memory diagnostic program. That 1s, the
second memory diagnosis unit excludes defective areas 1den-
tified by the first memory diagnosis unit from the areas in the
main memory for loading the second memory diagnostic
program. The defective area 1s defined as an area, 1n all the
areas ol a main memory, where memory functions such as
read and write functions do not work properly. The second
memory diagnostic program performs a higher level of diag-
nosis of memory functions, and 1s larger in size, than the first
memory diagnostic program

By doing so, the computer apparatus 1n accordance with
the embodiment can avert a situation where the second diag-
nostic program 1s loaded by mistake in the defective areas,
which cannot properly execute the second diagnostic pro-
gram.

The second memory diagnosis unit then diagnoses the
main memory again, by executing the second memory diag-
nosis program that has been loaded into part of the area that 1s
not the defective areas. Next, the second memory diagnosis
unit 1dentifies a new defective area from the areas other than
the defective areas 1dentified previously, based on the results
of the main memory diagnosed by the second memory diag-
nostic program. Further, the second memory diagnosis unit
excludes as the defective areas the newly and previously
discovered defective areas from the areas into which the next
memory diagnostic programs (1.€., the third memory diagnos-
tic program and programs thereaiter) are to be loaded. These
processes are repeated until all of the memory diagnostic
programs stored in the storage unit such as a ROM have
finished running. Thus, memory diagnostic programs after
the second memory diagnostic program are always loaded
into non-faulty areas of the main memory. Thus, the memory
diagnostic programs can be properly executed.

In this way, according to the embodiment, first, the first
memory diagnostic program that does not use the main
memory or occupies only a small part of the main memory 1s
executed for a simple diagnosis of the main memory. Then,
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making use of the diagnosis results, an arrangement location
for the second memory diagnostic program, which needs to
be loaded 1to the main memory and can provide a detailed
diagnosis of the memory, 1s identified. Therefore, this reduces
the possibility that the memory diagnostic programs aiter the
second memory diagnostic program are loaded 1nto the defec-
tive areas in the main memory where the memory functions
do not properly work and averts a situation where the memory
diagnostic programs after the second memory diagnostic pro-
gram become unexecutable.

The structure of a computer apparatus 1n accordance with
the embodiment of the invention 1s explained with reference
to FIG. 1. FIG. 1 1s a block diagram illustrating the structure
of a computer apparatus 1 1n accordance with the embodi-
ment. FIG. 2 1llustrates the details of a DRAM 1illustrated in
FIG. 1.

As 1llustrated 1n FIG. 1, the computer apparatus 1 includes
a central processing unit (CPU) 10, a DRAM 20, a ROM 30,
a display controller 40, and a bus 60 that connects the ele-
ments described above.

The CPU 10 controls the overall operation of the computer
apparatus 1. Specifically, when the computer apparatus 1
starts up, the CPU 10 reads a basic mput output system
(BIOS) program 31 (which will be described later) from the
ROM 30 and executes the BIOS program 31 to check 11 there
1s an error 1n the devices such as DRAM 20. The CPU 10 also
executes startup of an operating system (OS) and control of
various devices by executing the BIOS program 31.

The DRAM 20 1s a main memory (a main storage unit) for
the computer apparatus 1. Specifically, the DRAM 20 1s a
device 1n which the programs (including the BIOS program
31) to be executed by the CPU 10 are loaded, and 1s used as a
working memory to temporarily store various data related to
the programs. Furthermore, the DRAM 20, as illustrated in
FIG. 2, 1s divided 1nto a plurality of areas (1) to (20) 1n order
to load a program to be executed by the CPU 10.

The ROM 30, functioning as a storage unit, stores data and
various programs the CPU 10 executes. The programs the
ROM 30 stores include the BIOS program 31 and a plurality
of memory diagnostic programs 32.

The BIOS program 31 1s a basic input and output program.
Specifically, the BIOS program 31, which starts running
when the computer apparatus 1 1s turned on, 1s a control
program that controls input and output data between the OS
and application programs and the DRAM 20 and peripheral
devices (display, keyboard, etc.). Moreover, the BIOS pro-
gram 31 conducts a memory diagnostic process to confirm
that data 1s properly read from and written to the DRAM 20
and that the functions related to a memory protection function
and error correction functions properly work. A specific
structure by which the BIOS program 31 performs a memory
diagnosis process 1s described below 1n detail.

The plurality of memory diagnostic programs 32 1s
executed when the BIOS program 31 conducts a memory
diagnosis process of the DRAM 20 and 1s a collection of
programs to check if various memory functions of the DRAM
20 properly work (e.g., if predetermined data can properly be
written 1n and read from the memory). In this embodiment,
the memory diagnostic programs 32 include three memory
diagnostic programs 32a, 3256, and 32¢. Fach of the memory
diagnostic programs 32a, 325, and 32c¢ 1s designed for diag-
nosing a distinct memory function and has a different pro-
gram size depending on the diagnostic level of the memory
functions. For example, in the embodiment, 324 has the low-
est diagnostic level of the memory functions, followed by 325
and then 32c¢ 1n that order, and the program sizes thereof also
increase in the same order. The memory diagnostic program
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324 has the lowest diagnostic level of the memory functions
and 1s the smallest 1n program size of the three memory
diagnostic programs.

The display controller 40 1s connected to a display 50 and

supplies an output such as the result of memory diagnosis of 5

the DRAM 20. The display 50 1s an image display device that
visibly shows the output from the display controller 40.

With reference to F1G. 3, a specific structure that allows the
BIOS program 31 to perform a memory diagnostic process on
the DRAM 20 1s described 1n detail. FIG. 3 1s a block diagram
illustrating the details of the BIOS program 31 of FIG. 1 and
illustrates the functions that can be performed when the BIOS
program 31, which 1s stored in the ROM 30, 1s executed by the
CPU 10.

The BIOS program 31 includes a memory diagnostic unit
311, a memory-quality evaluation-table preparation unit 312,
a faulty area determination unit 313, a diagnostic program
loading unit 314, an OS error detection unit 315, and a diag-
nostic result notification unit 316. These functional units 311-
316 are executed when the BIOS program 31 starts up (is
executed).

The BIOS program 31, as described above, 1s executed first
when the computer apparatus 1 starts up. Thus, the memory
diagnostic process of the DRAM 20 1s executed before the OS
boots up, which enables a memory diagnostic program to run
normally even if the OS does not start up.

The memory diagnosis unit 311 starts diagnosing the
DRAM 20 by running the memory diagnostic program 32a,
which 1s the first memory diagnostic program of the memory
diagnostic programs 32. Furthermore, the memory diagnosis
unit 311 runs the memory diagnostic program 32a without
loading the memory diagnostic program 32a into the DRAM
20. As described above, the memory diagnostic program 32a
contains the lowest diagnostic level for the memory functions
and has the smallest program size of the memory diagnostic
programs 32. The program size ol the memory diagnostic
program 32a 1s set to be small, which eliminates the need to
load the memory diagnostic program 32a into the DRAM 20.
This can avoid loading the memory diagnostic program into
the DRAM 20 when 1t 1s unclear that the DRAM 20 has a
defective area.

The memory-quality evaluation-table preparation unit 312
produces a memory-quality evaluation table that associates
the diagnostic results from the memory diagnosis unit 311
with the address information on the DRAM 20. The memory-
quality evaluation table will be described below 1n detail
when the procedure of the memory diagnostic process 1s
explained.

The faulty area determination unit 313 determines faulty or
defective areas 1n the DRAM 20, based on the diagnostic
results from the memory diagnosis unit 311. Specifically, the
faulty area determination unit 313 extracts the address infor-
mation on the DRAM 20 that1s diagnosed as being in error by
the memory diagnosis unit 311, referring to the memory-
quality evaluation table produced by the memory-quality
evaluation-table preparation unit 312, to determine a faulty
area 1n the DRAM 20 based on the extracted address infor-
mation. In this case, the memory diagnosis unit 311 and the
faulty area determination unit 313 function as a first memory
diagnosis unit for determining a faulty area in the DRAM 20,
the main memory, by executing the first memory diagnostic
program 32a.

The diagnostic program loading unit 314 loads the memory
diagnostic program 325, which i1s the second memory diag-
nostic program stored in the ROM 30, into the areas other than
the faulty areas, which are determined by the faulty area
determination unit 313 for all the areas (1) to (20) of the
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DRAM 20. To be specific, the diagnostic program loading
unit 314 extracts the address information of the DRAM 20
that 1s diagnosed as being 1n error by the memory diagnosis
umt 311, referring to the memory-quality evaluation table
prepared by the memory-quality evaluation-table preparation
umit 312. Then, the diagnostic program loading unit 314
excludes the areas corresponding to the extracted address
information as faulty areas, from the areas for loading the
memory diagnosis program 325. In other words, the diagnos-
tic program loading unit 314 sets a part of the areas except the
faulty areas as areas for loading the second memory diagnos-
tic program 32b.

Then, the memory diagnosis unit 311 newly diagnoses
areas other than the faulty areas determined by the faulty area
determination unit 313, of all the areas (1) to (20) of the
DRAM 20, by executing a memory diagnostic program 325
that 1s loaded by the diagnosis program loading unit 314. In
this case, the diagnostic program loading unit 314 and the
memory diagnosis umt 311 function as the second memory
diagnosis unit, which loads the second memory diagnostic
program 32b 1nto the areas other than the faulty areas deter-
mined by the faulty area determination unit 313 and executes
the second memory diagnostic program 32b.

Next, based on the result of the new diagnosis by the
memory diagnosis unit 311, the faulty area determination unit
313 determines new faulty areas, excluding the faulty areas
previously determined by the faulty area determination unit
313, for all the areas (1) to (20) of the DRAM 20. The
diagnostic program loading unit 314 excludes the faulty areas
determined both previously and newly by the faulty area
determining unit 313, as the faulty areas, from areas for
loading the memory diagnostic program 32c¢ that 1s to be
executed next by the memory diagnosis umt 311.

The processes by the functional units 311-314 are repeat-
edly executed until all of the memory diagnostic programs 32
(32a-32¢) are executed by the memory diagnosis unit 311.
Because of this, the memory diagnosis program 32 is always
loaded into non-faulty areas other than the faulty areas of the
DRAM 20. Thus, the memory diagnostic program can be
properly executed.

The OS error detection unit 315 detects an error when the
OS starts up. Such an OS startup error includes a state 1n
which the computer apparatus 1 stops working and does not
receive 1nputs from a keyboard and mouse (known as hung-
up), and a state 1n which the OS 1tself cannot process continu-
ously (known as blue screen and black screen). When a star-
tup time for the computer apparatus 1 1n normal operation 1s
measured beforehand, a timeout duration 1s determined to be
stored 1n a predetermined area of the ROM 30, and the hung-
up, blue screen, or black screen can be found even after the
clapse of the timeout duration, the OS error detection unit 315
1s designed to detect an OS startup error.

When the OS error detection unit 315 has detected an OS
startup error, the diagnostic result notification unit 316 visu-
ally outputs to the display controller 40 the result of the
memory diagnosis of the DRAM 20 by the memory diagnosis
umt 311. The diagnostic result notification unit 316 functions
as a means for notitying the results of the memory diagnosis
of the DRAM 20 by the memory diagnosis unit 311. The test
result notification unit 316 1s also configured to output a
memory-quality evaluation table prepared by the memory-
quality evaluation-table preparation unit 312, as a result of
memory diagnosis conducted on the DRAM 20 by the
memory diagnosis unit 311.

With reference to FIGS. 4A to 4F, the procedure as to how
the BIOS program 31 performs a memory diagnostic process
of the DRAM 20 1s specifically described. FIGS. 4A to 4F
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illustrate the procedure mm which the BIOS program 31
executes the memory diagnostic process on the DRAM 20.
FIGS. 4A and 4C illustrate a memory-quality evaluation table
prepared by the memory-quality evaluation-table preparation
unit 312 after the memory diagnostic programs 32a and 325
are executed, respectively. FIGS. 4B and 4D 1illustrate the
areas of the DRAM 20, into which the next memory diagnos-
tic programs 32b and 32c¢ set by the diagnostic program
loading unit 314 are to be loaded, respectively. Moreover,
FIG. 4E illustrates a memory-quality evaluation table pre-
pared by the memory-quality evaluation-table preparation
unit 312 after the memory diagnostic program 32c¢ 1s
executed, while FIG. 4F illustrates a final result of the
memory diagnosis on the DRAM 20.

As depicted 1n FIG. 4A, when the memory diagnostic
program 32a 1s executed by the memory diagnosis unit 311, a
memory-quality evaluation table that associates the results of
diagnosis by the memory diagnosis unit 311 with the address
information of the DRAM 20 1s produced by the memory-
quality evaluation-table preparation unit 312. In this case, the
memory diagnostic program 32a 1s executed by the memory
diagnosis unit 311 without being loaded 1nto the DRAM 20.
In the memory-quality evaluation table produced by the
memory-quality evaluation-table preparation unit 312,
numeric value *“1”” as a result of the memory diagnosis of the
DRAM 20 1s assigned to the addresses of the DRAM 20
diagnosed as non-faulty by the memory diagnosis unit 311,
while numeric value “0” as a result of the memory diagnosis
of the DRAM 20 1s allocated to the addresses of the DRAM
20 diagnosed as being 1n error by the memory diagnosis unit
311. In FIG. 4B, the areas (3) and (19), which are assigned
“07, are diagnosed as being in error.

Next, as illustrated in FIG. 4B, the faulty areas in the
DRAM 20 are determined by the faulty area determination
unit 313, with reference to the memory-quality evaluation

table represented in FI1G. 4A. In FIG. 4A, out of all the areas
(1) to (20) of the DRAM 20, the areas (3) and (19) that are
diagnosed as being in error are determined to be faulty.

Asillustrated 1n F1G. 48, part of the areas out of all the areas
of the DRAM 20, excluding the faulty areas determined by
the faulty area determination unit 313, are selected by the
diagnostic program loading unit 314, as areas for loading the
memory diagnostic program 325 that the memory diagnosis
unit 311 1s to execute next. In FIGS. 4A and 4B, out of all the
areas (1) to (20) of the DRAM 20, part of the areas other than
the faulty areas (3) and (19) are selected as areas for loading
the memory diagnostic program 325 that 1s to be executed
next.

Next, when the memory diagnostic program 325 1s
executed by the memory diagnosis unmit 311, areas other than
the faulty areas (3) and (19) out of all of the DRAM 20 areas
(1) to (20) are newly diagnosed.

As 1llustrated 1 FI1G. 4C, the memory-quality evaluation
table 1s updated by the memory-quality evaluation-table
preparation unit 312 using the new results of the diagnosis
carried out by the memory diagnosis unit 311. That is, 1n the
memory-quality evaluation table, out of all the areas of the
DRAM 20, the numeric value “2” as a result of the memory
diagnosis 1s newly assigned to the addresses of the areas that
the memory diagnosis unit 311 has newly diagnosed as nor-
mal. In contrast, the numeric value “1” as a result of the
memory diagnosis 1s maintained regarding the addresses of
areas that the memory diagnosis unit 311 has diagnosed as
being in error. In FIGS. 4C and 4D, the areas (5) and (20) to
which the numeric value “1” as the memory diagnostic results
are assigned, respectively, are newly diagnosed as being 1n
eITor.
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As depicted in FIG. 4D, new faulty areas out of all the areas
(1) to (20) of the DRAM 20, excluding the old faulty areas (3)
and (19), are determined by the faulty area determination unit
313, with reference to the memory-quality evaluation table 1n
FIG. 4C. In FIGS. 4C and 4D, the areas (5) and (20) that are

newly diagnosed as being in error, out of all the areas (1) to
(20) of the DRAM 20, excluding the old faulty areas (3) and

(19), are newly determined to be faulty areas.

As 1illustrated 1in FIG. 4D, part of the areas out of all the
areas of the DRAM 20, excluding the faulty areas determined
by the faulty area determination unit 313, are newly selected
by the diagnostic program loading unit 314, as areas for
loading the memory diagnostic program 32¢ that the memory
diagnosis unit 311 1s to execute next. In FIGS. 4C and 4D, out
of all the areas (1) to (20) of the DRAM 20, part of the areas
other than the faulty areas (3), (5), (19) and (20) are newly
selected as areas for loading the memory diagnostic program
32c.

When the memory diagnostic program 32c¢ 1s executed by
the memory diagnosis unit 311, arcas other than the faulty
areas (3), (3), (19) and (20) out of all of the DRAM 20 areas
(1) to (20) are newly diagnosed.

As 1llustrated 1n FIG. 4E, the memory-quality evaluation
table 1s updated by the memory-quality evaluation-table
preparation unit 312, using the new results of the diagnosis
carried out by the memory diagnosis unit 311. That 1s, 1n the
memory-quality evaluation table, out of all the areas of the
DRAM 20, the numeric value “3” as a result of the memory
diagnosis 1s newly assigned to the addresses of the areas that
the memory diagnosis unit 311 has newly diagnosed as nor-
mal. In contrast, the numeric value “2” as a result of the
memory diagnosis 1s maintained regarding the addresses of
areas that the memory diagnosis unit 311 has diagnosed as
being 1n error. In FIGS. 4E and 4F, the area (4) to which the
numeric value “2” as the memory diagnostic results 1s
assigned are newly diagnosed as being 1n error.

By executing the processes described above, as illustrated
in FIG. 4F, a final result for the memory diagnosis 1s obtained
that 1s accordance with the memory diagnosis process
executed by the BIOS program 31.

The memory diagnosis process of the computer apparatus
1 1n FIG. 1 1s described, with reference to FIG. 5. FIG. 5 1s a
flowchart 1llustrating the memory diagnosis process of the
computer apparatus 1 in FIG. 1. The memory diagnosis pro-
cess of FIG. 5 15 a process executed by running the BIOS
program 31 the CPU 10 has read out from the ROM 30 after
the computer apparatus 1 1s turned on.

As 1llustrated i FI1G. 5, the memory diagnosis unit 311 of
the BIOS program 31 executes the memory diagnostic pro-
gram 32a of the memory diagnostic programs 32 (step S10)
and diagnoses all the areas of the DRAM 20 one by one (step
S11). The memory diagnosis unit 311 runs the memory diag-
nostic program 32a without loading the memory diagnostic
program 32a into the DRAM 20. Then, the memory diagnosis
unit 311 stores into each area of the DRAM 20 the result of the
memory diagnosis and the address information of the DRAM
20, both of which are associated with each other (step S12).

Next, the memory diagnosis unit 311 determines 11 there 1s
an undiagnosed area present 1n all the areas of the DRAM 20
(step S13). This determination 1s based on whether the
memory diagnosis results have been associated with the
address information of each area of the DRAM 20. If it 1s
determined that an undiagnosed area is present somewhere 1n
all the areas of the DRAM 20 (step S13; Yes), the memory
diagnosis unit 311 repeats the processes of steps S11 to step
S13 until there are no undiagnosed areas 1n all the areas of the

DRAM 20.
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If 1t 1s determined that there are no undiagnosed areas 1n all
the areas of the DRAM 20 (step S13; No), the memory diag-
nosis unit 311 requests the memory-quality evaluation-table
preparation unit 312 to make a memory-quality evaluation
table. Upon recerving the request, the memory-quality evalu-
ation-table preparation unit 312 prepares a memory-quality
evaluation table 1n which the result of the memory diagnosis
by the memory diagnosis unit 311 1s associated with the
address information of the DRAM 20 (step S14), and sends
the prepared memory-quality evaluation table to the faulty
area determination umt 313.

Then, referring to the recerved memory-quality evaluation
table, the faulty area determination umit 313 extracts the
address information on the DRAM 20 that 1s determined to be
in error by the memory diagnosis unit 311 to determine a
faulty area 1n the DRAM 20 according to the extracted
address information (step S15).

The diagnostic program loading unit 314 determines as a
loading area or areas one portion of the areas or part of the
areas other than the faulty areas determined by the faulty area
determination unit 313 at step S135, out of all the areas of the
DRAM 20 (step S16), and loads the next memory diagnostic
program 325 1nto the loading areas (step S17).

Next, the memory diagnosis unit 311, by executing the
loaded memory diagnostic program 3256 (step S18), diag-
noses one by one all the areas of the DRAM 20 except the
faulty areas. Then, the memory diagnosis unit 311 stores the
result of the memory diagnosis and the address information
on the DRAM 20 1n each area of the DRAM 20, both of which
are associated with each other (step S19).

Then, the memory diagnosis unit 311 determines if an
undiagnosed area 1s present in the arrears other than the faulty
areas of all the areas of the DRAM 20 (step S20). I the
memory diagnosis unit 311 determines that an undiagnosed
area 1s present (step S20; Yes), the memory diagnosis unit311
repeats the processes steps S18 to S20 until an undiagnosed
area cannot be discovered 1n the arrears other than the faulty
areas of all the areas of the DRAM 20.

Conversely, 11 the memory diagnosis unit 311 determines
that an undiagnosed area 1s absent in the areas other than the
faulty areas of all the areas of the DRAM 20 (step S20; No),
the memory diagnosis unit 311 requests the memory-quality
evaluation-table preparation unit 312 to update the memory-
quality evaluation table. Upon receirving the request, the
memory-quality evaluation-table preparation unit 312
updates the memory-quality evaluation table (step S21).

After that, the memory diagnosis unit 311 determines 11 all
the memory diagnostic programs 32a, 32b, and 32¢ have been
executed (step S22). If the memory diagnosis umt 311 has
determined that all the memory diagnostic programs have not
been executed (step S22; No), the procedure returns to step
S15. Then, the procedures of steps S135 to S22 are repeated
until all the memory diagnostic programs 32a, 325, and 32¢
are completely executed.

If the memory diagnosis unit 311 has determined that all
the memory diagnostic programs have been executed (S22;
Yes), the memory diagnosis unit 311 proceeds to step S23.

The OS error detection unit 315 detects 11 there 1s an OS
error at startup or an OS startup error 1n step S23. If an OS
startup error 1s detected (S23; Yes) as a result, the OS error
detection unit 3135 sends out a detection signal to the diagnos-
tic result notification umt 316. Upon receiving the detection
signal from the OS error detection unit 315, the diagnostic
result notification unit 316 outputs a memory-quality evalu-
ation table, which 1s updated by the memory-quality evalua-
tion-table preparation unit 312 1 step S21, to the display
controller 40 as a result of the memory diagnosis of the
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DRAM 20. Subsequently, the memory-quality evaluation
table 1s shown on the display 50 (step S24), which ends the
memory diagnosis process. In contrast, 1if an OS startup error
1s not detected (step S23; No), the OS error detection unit 315
finishes the memory diagnosis process.

As described above, 1n this embodiment, the memory diag-
nosis unit 311 executes the memory diagnostic program 32a,
the first memory diagnostic program, to diagnose the DRAM
20. The faulty area determination unit 313 determines the
faulty areas in the DRAM 20, based on the diagnosis result by
the memory diagnosis unit 311. The memory diagnostic unit
311 and the faulty area determination unit 313 function as the
first memory diagnosis unit. In addition, the diagnostic pro-
gram loading unit 314 loads the memory diagnostic program
3256, which will be executed next by the memory diagnosis
unit 311, into part of the areas of the DRAM 20 excluding the
faulty areas. The memory diagnosis unit 311 newly diag-
noses, by executing the memory diagnostic program 325
loaded by the diagnostic program loading unit 314, the areas
of the DRAM 20 other than the faulty areas determined by the
faulty area determination umt 313. The diagnostic program
loading unit 314 and the memory diagnostic unit 311 function
as the second memory diagnostic unit. Therefore, the
embodiment can avoid loading a memory diagnostic program
into the faulty areas, where memory function does not prop-
erly work, of the main memory, which prevents the situation
occurring where a memory diagnostic program cannot be
executed properly.

Furthermore, the memory diagnosis unit 311, which func-
tions as the first memory diagnosis unit, runs the memory
diagnostic program 32a without loading the memory pro-
gram 32a into the DRAM 20. Thus, where 1t 1s not certain that
the main memory contains a faulty area, the memory diag-
nostic program does not have to be loaded into the main
memory. This can avoid the situation where a memory diag-
nostic program cannot be executed properly

As a result, 1t simplifies the determination of the healthy
areas and the faulty areas, which leads to a highly efficient
memory diagnostic process. Since the memory-quality evalu-
ation-table preparation unit 312 prepares a memory-quality
evaluation table that has associated the result of the memory
diagnosis by the memory diagnosis unit 311 with the address
information on the DRAM 20, an easy distinction between a
faulty area and an area other than a faulty area can be made.
This enables a higher efliciency of the memory diagnosis
process.

The faulty area determination unit 313, which functions as
the second memory diagnosis unit, extracts the address infor-
mation on the areas of the DRAM 20 diagnosed as being in
error by the memory diagnosis unit 311. An area correspond-
ing to the extracted address information 1s excluded as faulty
from the areas of the DRAM 20 for loading the second
memory diagnostic program 32b. As a result, an easy distinc-
tion between a faulty area and an area other than the faulty
area leads to an easy determination of the faulty area, which
enables a higher efficiency of the memory diagnosis process.

The OS error detection unit 315 detects an OS startup error.
The diagnostic result notification unit 315 notifies the result
of the diagnosis by the memory diagnosis unit 311 when the
OS error detection unit 315 detects an OS startup error. As a
result, since a user can coniirm the results of the diagnosis by
the memory diagnosis unit 311, the user can immediately find
the faulty areas 1n the DRAM 20 and take appropriate mea-
sures, such as exchanging the faulty areas.

Each of the functional units 311 to 316, which starts up
when power 1s turned on, 1s incorporated 1nto the BIOS pro-
gram 31 that controls data to be iput to and output {from the
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DRAM 20. Moreover, the functional units are executed when
the BIOS program 31 starts up. Therefore, before the OS
starts up, the memory diagnostic process for the DRAM 20
can be executed. Even 11 the OS does not start up, a memory
diagnostic program can be properly executed.

The embodiments 1n accordance with the invention are
described so far. The invention can cover various, distinct
embodiments other than those described above, within the
range of the 1deas disclosed 1n the claims.

For example, 1n the embodiment the first memory diagnos-
tic program can be executed without being loaded into the
main memory by the first memory diagnosis unit. This 1s not
the only single embodiment. The mvention also covers the
tollowing embodiment. A first memory diagnostic program,
which occupies a smaller area, when loaded 1nto a main
memory, 1s loaded into the main memory by a first memory
diagnostic unit. By doing so, a simple diagnosis of the main
memory may be executed first. In this case, using the result of
the diagnosis by the first memory diagnosis unit, a second and
a third memory diagnostic program, which occupy larger
areas when loaded into the main memory, are loaded into the
main memory successively by a second and a third memory
diagnostic unit, respectively. This enables the diagnosis of
advanced memory functions.

In the embodiment, the memory diagnosis process that
diagnoses the DRAM, a main memory, 1s described. This 1s
not the only single embodiment. The mvention covers the
tollowing embodiment. The memory diagnosis process for
diagnosing a cash memory that 1s provided inside a CPU and
1s capable of high speed writing and reading can be applied.

The BIOS program 31 and the memory diagnostic program
32 of the embodiment do not necessarily have to be stored 1n
the ROM 30. For example, these programs may be stored in a
re-writable, non-volatile memory such as a flash memory and
can be read out and executed by the CPU 10. Also, the BIOS
program 31 and the memory diagnosis program 32 may be
downloaded to a flash memory from a network-connected
server. Moreover, the programs may be stored in a storage
medium such as a CD-ROM and be read 1nto a flash memory
from the storage medium through a drive thereof.

According to the embodiment of the mvention, the first
memory diagnostic program, which does not use the main
memory or occupies only a small portion of the main
memory, 1s executed 1n order to perform a simple diagnosis of
the main memory. Making use of the results of the diagnosis,
the second diagnostic program, which needs to be loaded into
t
C

ne main memory and 1s capable of performing a detailed
1agnosis, can be i1dentified with respect to an arrangement
location thereot. Consequently, the embodiment can reduce
the possibility that the second memory diagnostic program 1s
loaded 1nto faulty areas in the main memory and can avoid a
situation where the second memory diagnostic program can-
not be executed.

All examples and conditional language recited herein are
intended for pedagogical purposes to aid the reader 1n under-
standing the invention and the concepts contributed by the
inventor to furthering the art, and are to be construed as being
without limitation to such specifically recited examples and
conditions, nor does the organization of such examples in the
specification relate to a showing of the superiority and infe-
riority of the invention. Although the embodiment of the
present inventions has been described 1n detail, 1t should be
understood that the various changes, substitutions, and alter-
ations could be made hereto without departing from the spirit
and scope of the mvention.
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What 1s claimed 1s:

1. A computer apparatus including a main memory, com-
prising:

a first memory diagnosis unit for determining a faulty area
in the main memory by executing a first memory diag-
nostic program; and

a second memory diagnosis unit for loading sequentially a
plurality of memory diagnostic programs from the one
with smaller program size into areas of the main
memory other than the faulty area determined by the first
memory diagnosis unit, each of the plurality of memory
diagnostic programs being larger in program size than
the first memory diagnostic program and being loaded
into areas of the main memory other than the faulty area
which 1s re-calculated and determined, by the second
memory diagnosis unit, using the previously loaded
memory diagnostic program among the plurality of
memory diagnostic programs.

2. The computer apparatus according to claim 1, wherein
the first memory diagnostic unit executes the first memory
diagnosis program, the first memory diagnosis program not
being loaded 1nto the main memory.

3. The computer apparatus according to claim 1, further
comprising a memory-quality evaluation-table preparation
unit for preparing a memory-quality evaluation table 1n which
a result of the diagnosis of the main memory by the first
memory diagnosis unit 1s associated with address information
of the main memory.

4. The computer apparatus according to claim 3, wherein
the second memory diagnosis unmt extracts address informa-
tion on the main memory that 1s diagnosed as being 1n error by
the first memory diagnosis unit, with reference to the
memory-quality evaluation table, and excludes as the faulty
area an area corresponding to the extracted address informa-
tion from areas for loading the plurality of memory diagnostic
programs.

5. The computer apparatus according to claim 3, further
comprising;

an operating system (OS) error detection unit for detecting,
an error at a startup of an OS; and

a diagnostic result notification unit for notifying a result of
diagnosis of the main memory by the second memory
diagnosis unit when the OS error detection unit has
detected the startup error.

6. The computer apparatus according to claim 5, wherein
cach of the first memory diagnosis unit, the second memory
diagnosis unit, the memory-quality evaluation-table prepara-
tion unit, the OS error detection unit, and the diagnostic result
notification unit, which 1s incorporated 1n a basic mput and
output program that 1s a control program for controlling data
to be input to and output from the main memory, starts up
when power 1s turned on, and 1s executed when the basic input
and output program has started up.

7. A method of diagnosing a main memory in a computer
apparatus, comprising:

determining a faulty area in the main memory by executing,
a first memory diagnostic program; and

loading sequentially a plurality of memory diagnostic pro-
grams rom the one with smaller program size into areas
of the main memory other than the faulty area deter-
mined by the determining of the faulty area, each of the
plurality of memory diagnostic programs being larger in
program size than the first memory diagnostic program
and being loaded 1nto areas of the main memory other
than the faulty area which i1s re-calculated and deter-
mined, at the loading, using the previously loaded
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memory diagnostic program among the plurality of
memory diagnostic programs.

8. The method according to claim 7, wherein the determin-
ing of the faulty area executes the first memory diagnosis
program without being loaded into the main memory.

9. The method according to claim 7, further comprising
preparing a memory-quality evaluation table 1n which a result
of the diagnosis of the main memory by the determining of the
faulty area 1s associated with address information of the main
memory.

10. The method according to claim 9, wherein the loading
of the plurality of memory diagnostic programs extracts
address information on the main memory that 1s diagnosed as
being in error by the determining of the faulty area, with
reference to the memory-quality evaluation table, and
excludes as the faulty area an area corresponding to the
extracted address information from areas for loading of the
plurality of memory diagnostic programs.

11. The method according to claim 10, further comprising:

detecting an error at a startup of an operating system (OS);

and

notifying a result of diagnosis of the main memory by the

loading of the plurality of memory diagnostic programs
when the detecting of the error has detected the startup
CITOY.
12. The method according to claim 11, wherein each of the
determining of the faulty area, the loading of the plurality of
memory diagnostic programs, the preparing of the memory-
quality evaluation table, the detecting of the startup error, and
the notifying of the result of diagnosis, which 1s incorporated
in a basic iput and output program that 1s a control program
for controlling data to be mput to and output from the main
memory, starts up when power 1s turned on, and 1s executed
when the basic input and output program has started up.
13. A non-transitory computer-readable storage medium
that stores therein a computer program for diagnosing a main
memory 1n a computer apparatus, the computer program
causing the computer apparatus to execute:
determining a faulty area in the main memory by executing,
a first memory diagnostic program; and

loading sequentially a plurality of memory diagnostic pro-
grams rom the one with smaller program size into areas
of the main memory other than the faulty area deter-
mined by the determining of the faulty area, each of the
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plurality of memory diagnostic programs being larger in
program size than the first memory diagnostic program
and being loaded 1nto areas of the main memory other
than the faulty area which i1s re-calculated and deter-
mined, at the loading, using the previously loaded
memory diagnostic program among the plurality of
memory diagnostic programs.

14. The non-transitory computer-readable storage medium
according to claim 13, wherein the first memory diagnosis
program 1n the determining of the faulty area 1s executed
without being loaded 1nto the main memory.

15. The non-transitory computer-readable storage medium
according to claim 13, further comprising preparing a
memory-quality evaluation table in which a result of the
diagnosis of the main memory by the determining of the
faulty area 1s associated with address information of the main
memory.

16. The non-transitory computer-readable storage medium
according to claim 15, wherein 1n the loading of the plurality
of memory diagnostic programs, address information on the
main memory that 1s diagnosed as being in error by the
determining of the faulty area 1s extracted, with reference to
the memory-quality evaluation table, and an area correspond-
ing to the extracted address information 1s excluded as the
faulty area from areas for loading of the plurality of memory
diagnostic programs.

17. The non-transitory computer-readable storage medium
according to claim 16, further comprising:

detecting an error at a startup of an operating system (OS);

and

notitying a result of diagnosis of the main memory by the

loading of the plurality of memory diagnostic programs
when the startup error has been detected.

18. The non-transitory computer-readable storage medium
according to claim 17, wherein each of the determining of the
faulty area, the loading of the plurality of memory diagnostic
programs, the preparing of the memory-quality evaluation
table, the detecting of the startup error, and the notifying of
the result of diagnosis, which 1s incorporated 1n a basic input
and output program that 1s a control program for controlling
data to be input to and output from the main memory, starts up
when power 1s turned on, and 1s executed when the basic input
and output program has started up.
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